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exposed. Nevertheless, the use of appropriate field-plot Techniques can maxiim^ 
the accuracy with which genotypes are compared and selected, 

The factors that result in test conditions that are less than ideal can be referred! 
to collectively as sources of experimental error. They include variation in 
environment to which each genotype is exposed and lack of uniformity in tfryl 
measurement of characters. The breeder has opportunities to minimis cspoiifss 
mental error by carefully selecting the site to be used for field trials, the culn^lg 
practices used in crop production, the plot size and shape, and the method 
data collection, -'-J 

■■'-4 

Site Selection 

Variation in the productivity of the soil is commonly refened to as soil hctcr- 
ogencity (Fig. 19-1). Causes of soil heterogeneity include variation in soil type, 
availability of" plant nutrients, and soil moisture. The variation cannot be com- 
pletely eliminated, but it often can be minimized by careful selection of the arc* 
in a field where plots will be grown. Soil maps are helpful for understanding 
the variation in soil type that is present. Soil types differ in their inherent ability 
to retain nutrients and moisture, tin tire trials or at least an entire replication 
should be grown on a single soil type whenever possible. 

Visual inspection of a held is important, even when a soil map is available. 



Figure 19-1 
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FIELD-PLOT TECHNIQUES 



When a field been identified a year in advance as a potential icm site, ir is 
useful for the breeder to look for variability in productivity of the crop grown 
in the- area. The breeder should note variation in the terrain that may cause water 
to accumulate more in one place than in another. Differences in soil tillage after 
harvest of the previous crop may be observed that could result in nonuniformity 
of the area. Uneven distribution of plant or animal waste on a field should be 
noted as a potential contributor to variation in the availability of plant nutrients. 

Before a site is chosen, information should be obtained on cultural practices 
that were followed in the production of previous crops, with special attention to 
the application of chemicals that could influence the crop that the breeder will 
be evaluating. The residue from herbicides applied for control of weeds in 
previous crops may cause damage to the crop to be tested. The following quo- 
tation from a research article by Thome and Fehr (1970b) on soybean breeding 
illustrates the importance of herbicide residue: 

The strains were evaluated ar Ames and Kanawha. Iowa, in 1968. ... At Kanawha, 
pan of the experiment was inadvertently planted in a Jic!d treated with ;itruzinc 
herbicide TWO years before. All pints in the area wcru destroyed. 

Previous cultural practices in a field can be especially important at research 
stations where crops are rotated from one field to another on a systematic basis. 
The research conducted on crops previously grown on a held can influence 
markedly the uniformity of the test site. For example, plots of oats were planted 
in a field at the Agronomy Research Center of Iowa State University in which 
soybeans had been planted the previous year. Growth of the oats varied in strips, 
as if nitrogen fertilizer hud been applied unevenly to the field. A review of the 
previous soybean research revealed that the strips of oats with extra growth 
coincided with areas where mature soybeans had been cut and left unthreshed. 
The nitrogen in the soybean *eed* in the strips was available to the oats the 
following year, and caused nonunifonnity of nutrient availability in the test site. 



Cultural Practices 

Experimental error can be minimized by the use of uniform cultural practices 
for production of the crop being tested, Chemicals should be applied uniformly 
to the test site before, during, or after planting. Uneven soil compaction should 
be minimized during tillage operations. Application of supplemental water by 
irrigation may reduce variability in soil moisture, Weed control should be uni- 
form; most breeders try to eliminate all weeds during the growing season to 
av oid experimental error caused by differential weed competition, 

The development of equipment specifically designed for planting, managing, 
and harvesting research plots has permitted breeders to grow plots more effi- 
ciently. The emphasis in the design and use of any equipment must be on the 
uniformity with which genotypes are handled. 
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Expcnmenu] CITO r increases whenever interplot competmon causes the p, rfor 
rnance ol a genotype ,n one plot ,o be altered by the performance of gJ^Z' 
m adjacent plots. Interplot competition results primarily from interf^ 
compcrition. which is the differentia, ability OI giLvpes tc^^S^ 

Uk c^Z 1 ^ ; ' S lhr ° Ugh aPPr °P na!C ntat.on that a Z 

ty^can be identified that w,li p ,ov,dc reliable information for the ch Jew 

The effects of interplot competition can be avoided by the use of plots with 
mulnpie rows in which only pbnts in the cemer rows are LluaL^ 19 ^ 
in plots with three or more rows, the out™ rows are designated a .be bord^ 
ot guard rows, ."he function of the border rows )s t0 prevent plants ,n XZ 

nS'Ji' 2 V'S P^r' P'»« differ cuhivars des.g. 

naica as W. and □. (Counesy of hehr. 1978.) * 

Bordered row plots - equal row spacing 
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hlt^ridV r" UC k lhc P erU,man « Pi*™ in the center of the plot. l£ach 
bo dered : plot can be considered a miniature Held thar is unaffected by nrighborin* 
eld, he S pac,n g to p)ots can be ^ than > S^nn 

faa tate the movement ol equipment, particularly when narrow rows a« utilized 
U wou d be .deal if bordered plot, could be used lor the evaJuat.on all 
.ha ters that arc mlluenced by interpfot competition. That ideal is difficult to 

d n7l H° U T dS * > C n ° tyPeS « ten « B "^red plot, require 

«ed and land that do not d.realy provide data for a genotype. Border, take up 

™ ™ T " Cd ; nd ^ ^ f ° r tbKC ™ P J * ^Tone-half for fn Ur - 

ol the use ot bordered plots to the evaluation of genotypes that are being given 
final consideration tor release as cultivars 

InterpKu competition can be reduce^'but not eliminated, with unbordered 
p ofc of two or more rows, ail of which are used to evaluate a character (Pi* 

ioth sides Tnr ^ I" * SmgIC_r0W Pl ° l " SUbjeClCd t0 intcr P bt Wt«ion on 
STo S " hT ^P""'™ t $ reduced by one-half m plots with two rows 
jMHhirds w,th three row,, three-fourths with four rows, and four-fifths wuh 
five row Si The elated reduction of intciploi competition with mcreasm, num 

«de>. The border rows arc each subjected to imcrplot competition on one aide 

SaTdl!"i l "™™on of unbordered row plots with different cultivars 
i a naLcd as m, O, and _i. (Courtesy of Fehr, 1978.) 
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but not on the other. Any rows within the two border rows are protected from 
interpIot compeiiiion. This can be expressed as 



Reduction in inlcrplol 
competition compared = 
with single-row plot 

Two- row plot = 
Three- row plot = 



tnumher of rows per plot x 2 sides) -■ 2 sides 
number of row* per plot x 2 titles 



(2 



1) 



x 2 
2) -- 



3 x 



- J/2 



= 2/3 



The amount of interpiot competition also can be reduced by increasing the 
spacing between rows of adjacent plots, InterpIot competition in soybeans was 
evaluated with five culrivars crown in single rows spaced 100, 75, M), and 25 
cm apart (Gedge et ah. 1077). The average effect of interpIot competition on 
seed yield was 2.6 percent for the 100-cm spacing, 5.3 percent for 75 em, g.O 
percent for 50 cm. and 17.6 percent for 25 cm. 

A combination of increased row spacing between plots and a large number 
or rows can minimize interpIot competition in un bordered plots. In the soybean 
example of the preceding paragraph, the average change in yield for single-row 
plots spaced 100 cm apart was 2,6 percent. The percentage theoretically would 
be. reduced to 1.3 percent for two-row plots and to 0.9 percent for three-row 
plots, Rows wilhin a plot arc not subjected to imerplot competition; therefore, 
the spacing between rows within a plot can be less than the spacing between 
adjacent plots. Figure 19-3 illustrates a two-row plot in which the spacing between 
plots is w'ide enough to minimize inlcrplol competition and the spacing within 
the plot is reduced to minimize the land area required for each plot. 

Some breeders plant one cultivar as a common border between one- or two- 
row plots. In barley, a lodging-resistant cultivar is used as a common border to 
prevent genotypes with lodging susceptibility from falling on genotypes in ad- 
jacent plots, thereby causing them to lodge unnaturally. The use of a common 
border has been evaluated as a means of eliminating intergenotypic competition 
between plots for seed yield and oihcr quantitative characters. The results of the 
research indicate that a common border can reduce but not eliminate interpIot 
competition (Tborne and Fehr. 1 970a). The average interpiot competition for 
seed yield among four soybean cultivars in single-row plots spaced 50 cm apart 
was compared with competition of the cultivars when a common border was 
used fGcdgc ct al., 1977). Interpiot competition averaged E 1 .0 percent in single- 
row plots and 8.3 percent in plotn wiLh a common border. 



Plot Size and Shape 

The size of plots used to evaluate genotypes vanes with the character being 
evaluated, the amount of experimental error that is considered acceptable for 
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muring u character, she experimental design, and the growth characteristics 
ot the crop. Plots va 0 in sue from those lor a single plant that is harvested bv 
hand to those that are w.dc and long enough to be harvested with the same 
equipment used by farmers for commercial production. 

SingMam Plors. Individual plants commonly are evaluated in s W t,n» 
populate I hens ,s no repletion of the individuaLs. unless vegetatL pn£ 
agatton oi c ones us possible. The spacing among plots var.es with the crop 

selecting tor yield in maize. Burton (1974) soaecd plants of a oonuhnon of 
Pensacola bah,a S rass 60 by 60 cm apart .hen cond a', „g rcc ™ ^ Z ^ 
selection ror tonige yield. Burton and Brim (,o 8l) used ^ b> 4(S ^ Jin- 
among soybean p.nnts tor election of oil composition in the seed " 
Single-plan, plots are used lor the repeated evaluation of experimental lines 
or cult.vars by the honeycomb field design .Fasoulas. ,979,. The numbe o 
£?. eV ? S n 7 1,ne ^ ^ UaJ l ° thC number of ^Pllcaiionsin the experiment 

2" V ^ lhUt Smgle - P)ilnt Pi ° tS <«P»«««»«) I«r Lne would 
p ov,dc s.aslactory results. The plots of the lines in a test are 0 r«ani2ed in a 
s sterna l. C manner to permit comparison of a pl.nt of one line with adjacent 

E h I T T ,F 'f ' 9 " 4) - ThS ton ^™n* design has not been adopted 
by plant breeders tor repl.eated evaluation o. Imes because it requires more labor 
and , .ess amenable to mechanisation than microdots or conventional row p,o " 

Hulnple-P/a,,, Fl „„, The evaluation of experimental hoes or cultivars by plant 
breeders » usually done iu plots , ontaimng tu , or more ^ ' J * P£ 
from small m ,erop.ots consisting of a hill of short row to a plot with onH 
more rows several meters in length. 

MicropkHs. Microplots are used to minimize the amount of ^ or land required 
oZ it " g T, P 01 " ne r m unbortercd mi «°P"H. ejects o intent 

30 sled^rr,, 0 ' P ' ant V n a miCr0p, ° C differS mXOn * Cr °P s * P^nttng rate ot 
* seeds per Hill ,s sat.slactory in oats (Frey. 1965). while a rate of 12 seeds 
n 1 ,s used lor soybeans (Garland and Fehr. 1981.,. When short rows are 
m «~P ots. the plant density is comparable to that of larscr row plots 
jj"? 3 bc f of a » r «n«"t am«n 5 plant breeders concerning the eflcc- 
vietr R r' Cr0P " t0 '" CVa,l,ati0n of gnomic characters, particularly seed 
inferior ^ T " icr °P tots mdit;ate they are useful for eliminating 

Saem v """^ * ^ c-onveruioiial row pl ors durir, S sub- 

orn years of testing, to identify those that merit release as cultivars (Frev 
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Figure 19-4 Grid and honeycomb design to selca individual plants in a pop- 
ulation. For the grid design, plants arc divided into blocks and the best ones 
chosen from each (Gardner, 1961). For the honeycomb design, the plant at the 
center of !h=: hexagon. ® s is compared wiih every OLher plant within the hexagon 
(FasouJas, J 979; . A plant is chosen only if it is superior to every other plant in 
the hexagon. The hexagons outlined represent two different selection intensities. 
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Figure 19-5 Munition ot" hilJ plots with different cukivars designated as 
0, and ■ (Fehr. 1978). 



1965; Garland and Fehr. 1981). The advantages of microdots compared with 
conventional row plots for the first year of yield testing are that less land is 
required per plot and that enough seed for replicated tests can be obtained from 
a single plant, which eliminates a season for seed increase. Breeders who do 
not use mkroplots are concerned about the reliability of yield dam obtained from 
them, The coefficients of variability for micropiots generally are about one and 
one-half to two times larger than for conventional row plots. 

Row Plots. Row plots arc used by virtually all pfam breeders for replicated 
testing of genotypes. The overall plot size is determined by the number of rows, 
the spacing between rows, and the row length. 

Single-row plots of I to 2 m in length are widely used for ihc visual evaluation 
of characters. Many breeders evaluate lines on the basis of their appearance in 
small unrepealed plots, and advance the desirable ones to replicated tests the 
following season. Visual selection and seed increase commonly nre accomplished 
*uh the same plot. 

A plot used to evaluate the yield of lines for the first time often is smaller 
than that employed lor advanced stages of evaluation. For advanced yield tests, 
foe breeder attempts to use a plot size that approaches or equals the dimensions 
considered optimal for the crop species involved. Optimum plot size is the 
minimum land area required to measure a character with an acceptable level of 
experimental error. 

Optimum plot size can be determined by the use of data from a uniformity 
tnal (Cochran, 1937). A single cultivar is planted as a solid stand, without alleys. 
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in an area representative of that used for yield evaluation. The cultural practice, 
used to produce ih, crop arc the same as tho.se used lor yield trials. The area , 
Subdivided into small units, and the seeds or plants Iron/each unit are harvested 
and weighed separately. Experimental error associated with plots of different 
si?e can be determined by making various combinations of rhe small units 

Optimum plot s„.c also is determined through practical experience The 
breeder olten w,|| experiment with plots of different size to find the smallest one 
that has an acceptable level of experimental error. Breeders often do not asrec 
on what they consider acceptable experimental error: consequently, an optimum 
size tor one person may not be optimum for another. 

Plot -idth generally is determined by considerations other than the relation- 
ship ot shape to experimental error. The primary factors are the number of rows 
required to minimize or avoid mtcrplot competition and the width of the piamin* 
and harvesting equipment (hat is available. Plot width influences the percental 
01 land area that must be devoted to alleys between plots. Lon*. narrow pkfts 
require a lower percentage of alley space than do wide, short plots This ad- 
vantage .s offset in bordered plots because the percentage of land area devoted 
to border rows decreases as the number of rows per plot increases 

Plot length provides flexibility for plot size. Before calculators and computers 
became readily available, row length ,n the United Slates was varied to obtain 
a plot size that was a Traction of an acre .one-tenth, one-twentieth etc ) to 
s.mphiy the conversion of plot yields to yields per acre. With use of computers 
for data summarization and analysis, this is m lonccr necessary 



Data Collection 

"The experimental error associated with the evaluation Of a character is influenced 
by measurement errors during data collection For characters evaluated visually 
experimental error occurs whenever the data collector fails to give an identical 
rating to plots w>th an identical appearance Reliability ol the evaluation can be 
estabh.shcd readily by rating a series of plots at different times and comparing 
the ratings. It is essentially impossible to give visual ratings without error 
therefore, the breeder must decide when the error is acceptable and when it is 
so large that genetic differences will he masked. 

Some Characters can only be evaluated efficiently with the use of an appro- 
priate machine or instrument. Experimental error can occur because of failure 
to prepare a plot properly for measurement, of not obtaining a representative 
sample of the plot lor evaluation, of using nonuniform procedures for sample 
preparation, and of failure of the machine or instrument to operate properly 

Preparation ot a plo- for data collection may begin before planting. For 
experimental error to be reduced, the seeds or plants of ever)- genotype used for 
Planting must be treated equally. If seeds or plants of genotypes to be compared 
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Jo not come f rom a common em i run mem. environmental error may result. Lint 
yield and seedling vigor of a cotton cultivar were found to differ in plots *mwn 
from seeds obtained from different locations (Peacock und Hawkins, j 970)7 Seed 
source also has been shown to influence seed yield of soybeans (Fehr and Probst 
1971. J 

In some crop species, uniformity of plant density among plots can be im- 
portant in minimizing experimental error. With maize, it is a common practice 
to thin yield test plots to a uniform stand soon after seedling emergence. Thinning 
;s not considered necessary with some crop species. particularly"those that have 
;he ability to branch or tiller in response to low plant density, such as barley 
jnd wheat. It also is a common practice with crops such as maize to record the 
number of plants per plot immediately before harvest. The yield of the plots is 
adjusted for plant density by an analysis of covanance. to minimize experimental 
error in the comparison of genotypes. 

When a blank alley is used at the end of row plots, the end plants generally 
are more productive than those growing in the center of the plot. When end 
plants are harvested, yield of the plot is inflated in comparison to the yield 
obtained from plants growing in the center of the plot. This inflation will prevent 
\ direct comparison of plot yields with those expecred in a normal commercial 
planting, unless an appropriate adjustment is made for all plots. The adjustment 
may be made hy considering the alley as part of the plot area; therefore, plot 
length is the distance ("mm the center of one alley to the center of the next, 
instead of the distance between plants at opposite ends of a row. For example, 
if the length ol row containing plants is 5 m and the alley is 1 m wide, the plot 
length for computing plot area is considered to be 6 m. 

The yield inflation by end plants in a plot docs not contribute to experimental 
^nror unless genotypes in a test do nor respond similarly ro the space in the alley. 
The experimental error associated with differential response of genotypes to an 
Alley can be minimized hy adjusting yields according to characteristics of the 
ienoiypes that influence this response. The end plants of soybean genotypes 
with late maturity give a greater yield inflation than do genotypes of early 
maturity. Values have been developed with which to adjust plot yields for ma- 
:urity of soybean genotypes (Wilcox, 1970). More commonly, comparisons 
imong soybean genotypes arc* restricted to those of Similar maturity, unless plots 
3re end-trimmed before harvest. 

The only way to eliminate yield inflation by end plants is to remove the 
plants before harvest. This procedure, referred to as end-trimming, is a standard 
procedure with some crops. The end plants arc removed late enough in plant 
■development that the remaining plants in the plot cannot take advantage of the 
-xtra space. The length of row removed from each end of the plot must be long 
enough to include all plants that have benefited from the space provided by the 
illey. In soybean. 0.6 m is removed from each end of the plot (Wilcox. 1970). 
The problem of a blank alley is minimized in some crops by planting the 
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alley wilh rows of a single genotype perpendicular to ihc rest plots. The result 
is that the plants at the end of a plot must compete with plants in the alley, and 
thus their yield may not be inflated as much as is ihc case with a blank alley. 
Plants in the alley are removed immediately before the plots arc harvested. 



EXPERIMENTAL DESIGNS 

The arrangement of genotypes in a field experiment is referred to as the exper- 
imental design. Some of the designs utilized to compare genotypes arc common 
to research in many disciplines. Others have been developed to deal with the 
problem of comparing a large number of genotypes as inexpensively as possible. 
The experimental designs used for the initial evaluation of a large number of 
genotypes often differ from those used in the advanced stages of testing a lew 
select genotypes. Alternative designs win be considered here for comparison of 
single plants, unrepealed genotypes in multiple-plant plots, and replicated 
genotypes. 

Single-Plant Selection 



f 

i 

■a 




The tirst evaluation step in the development of a cultivar generally is the selection 
of individual plants from a population. Individual plant selection also is employed 
in population improvement by recurrent phenotypic selection. 

When single-plant selection in a population is for characters with a high 
hcritahility. the plants generally are grown in a random order and those with 
desirable characteristics are selected. CulCivars may be grown in adjacent plots 
to serve as standards with which to evaluate single plants. Date of flowering, 
plant height, time of maturity, and certain types of pest resistance are examples 
of characters for which single plants are selected without any predetermined 
arrangement of the individuals. They represent characteristics that are not strongly- 
influenced by environmental variation. 

Single-plant selection in a population grown in a relatively large land area 
can be hampered seriously by soil heterogeneity for characters with a low her- 
liability , such as seed or plant yield. Figure 19-1 illustrates variation in soil 
productivity m an area where a population of plants may be grown. If plants 
with the highest yield are selected regardless of their location in the field, those 
in the area of above-average productivity will be favored. A plant with outstand- 
ing genetic potential that is located in the area with below-average productivity 
may be discarded. Two experimental designs arc available that minimize the 
effect of soil heterogeneity by comparing plants that arc most adjacent to each 
Other. 

Grid Design. Gardner (1961) proposed that the land area on which a population 
of individual plants is grown can be subdivided into blocks or f*rids of a limited 
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area (Fig. 19-4). Plan., within each block are compared wirh each other and 
he superior ones arc selected Compan,o„s are no, made between plants from 
dtrtaeni block. This expenmcntai des.gn has been well accepted b p 
breeder, pamcularlv [hl) , e , ondllclinj , >c P ; P ™ 

or other characters with a low heritability, 

tfc^y,™* ^ B Fasoulai ((973) devc , a b<)n 

kenng individual plants in a population (Fig. .9-4). ^/aspects of L design 

and lts implementation are unique, (a) Seeds or clones are spaced eouidistamlv 

the hexagon patter^ resemb lo a honeycomb of bees. (b> Plant, are spaced far 
enough apart t at they do no, compete with adjacent individual,. At the appro- 
E^. ,n *H ' r TT- 1 miSSing Pbnt d0CS n0t infiuence Performance 

to develop o its full potential. (c , Homogeneous check cultivars can be included 
for comparison. , t desired. Every pl;int of ^ chcck is , on ^ a ^ 
group o plants ,n the population, fd) The si.e of the hexagon used to select 
single plants determines the selection intensity ,n the population. The effect of 
soil heterogeneity ,.s minimized because only those plants within the area of the 
hexagon are compared^ (e) Every plant in the population is evaluated bv placing 
tl * " nter " f < J" h ^"«' A plant is chosen only if it is Supei lor ',o evcrv 
Other p am m rhe hexagon. By moving the hexagon, every planVis compared 
with a different group of plants in the population. 

C "2 arh0 " °i' h * C "«< Hon^omb Designs. Both the grid and honevcomb 

ofrhSS,^ T * SOi ' " ** "Action of characters 

Of low hcr.tabihry. In a comparison of the deigns, the advantages of one are 
the disadvantages ol the other, and vice versa. 

There are three primary advantages of the grid design. 

1. The spacing of plants does not have to be in a precise pattern. This 
facilitates the use ot conventional plot equipment for plantim- and culti- 
vation Mechanized planting of the honeycomb design wrTukl require 
specialized equipment. H 

2. Selection intensity can be varied by altering the number of plants in a 
block and the number of plants selected. Only certain selection intensities 
arc possible with the honevcomb design. 

3. Use ol a defined area for each block Facilitates visual comparison of plants 
tor selection. It is possible to compare plants within a block visually and 
collect data only from those with the best potential. Use of the moving 
hexagon tor rhe honeycomb design makes it impractical to compare each 
plant wah appropriate ones in its hexagon: therefore, data must be re- 
corded lor every plant, except those that are obviously inferior. 

The honeycomb design has two advantages compared w,th rh c grid design 
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1. Homogeneous check' ctiJlivars can be included lu permit comparisons of 
individual plants with a standard. When one-scventh of the plants are a 
check, they can be arranged so that every plant in the population can be 
compared with a check plant. To provide adjacent plants of one check 
cultivar in a grid system, one-third of the area would have to be devoted 
to the check. 

2, More than two check cultivars can be included readily in hexagons of 19 
or more plants. L'sc of two or more check cultivate in the grid system 
would require lhat a large fraction of each block be devoted to check 
plants. 

Unreplicated Evaluation with Multiple-Plant Plots 

Plant breeders routinely conduct visual selection among lines in unreplicated 
plot? for maturity, disease resistance, siandability. and other characters of high 
heniabiliiy. Fvaluation for yield in a single replication has been used lo a limited 
extent to eliminate inferior lines before initiation of expensive replicated tests. 
With a single replication, each line is compared once with check cultivars or 
other lines to determine its genetic potential. A number of different arrangements 
are available for estimating the genetic potential of lines. One method is to 
compare each line with a common check cdtivar (Raker and McKenzic, 1967). 
Figure 19-6 represents a hypothetical example of the yield of stx lines in a Single 
replication. In the figure, the yield of each line is expressed as a percentage of 
the yield of the check cultivar immediately adjacent to it. 

Another alternative is to express the yield of each line as a percentage of the 
weighted average of the adjacent check plot and of the check plot two plots 
removed. The purpose for using a weighted average is to minimize the potential 
problem caused by an unusually poor yield of a check plot, in Fig. 19-6, the 
cheek cultivar adjacent to lines B and C has a much lower yield than other check 
cultivars. This results in an extremely high percentage for lines A and 13. The 
weighted average of check cultivars could be computed as 

IS >■ yield of adjacent check) + <§ x yield of check two plots removed) 

= weighted average of check cultivurs 

The percentage yield of each line is computed as 



Line A - 



Line B = 



Line C = 



Line D - 



59 


(i *■ 55) 4 <i 


a 39) 


70 




O * 39) (i 


> 55) 


53 




<S < 39) + ii 


> -18) 


51 





48) 



39) 



x 100 = 119 



x 100 - 158 



x 100 = ]26 



x 100 - t i: : 
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Check 
cuttivar 
plot 4 

I 

I 



42 



% of adjacent check 
W 179 136 1G6 108 112 

Figure 19-6 One possible arrangement of lines in a single-replication test. The 
performance o\ each line is computed as a percentage of the performance of the 
common check cultivar adjacent to it. Line B would be considered the superior 
one. r 



Line £ = 



52 



Line F = 



(1 X 4*} + (i x 42) 
47 

(S x 42) -+ (J x 48) 



y 100 = ii3 



> 100 = 107 



Another method used to compare genotypes in single replications is the 
moving mean (Makctal.. 1978: Townley-Smith and Hurd, 1973). Bach genotype 
is compared with adjacent test genotypes, not with a check cultivar. 

The disadvantage of single -replication tests is that the breeder has only one- 
plot value with which to assess the genetic potential of a line. If by chance a 
Jine is placed on u plot of soil with ahtm?-averajre productivity, relative to that 
of plots wirh which the line is compared, it will seem to be genetically superior, 
even though it may not be. In replicated tests, the breeder will have more than 
one plot with which to evaluate each line. For this reason, single replications 
arc not commonly used for yield evaluation. 

Replicated Tests 

Two or more independent comparisons of lines in a test provide a means of 
estimating whether variation in performance among lines is due to differences 
genetic potential or to environmental variation. Fach comparison is as rep- 
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lication. Replication can he accomplished by growing (wo or more plots of each 
line at one or moo: locations or one pioi ai each of two or more locations or 
years. 

Randomization. One important consideration in the arrangement of genotypes 
within each replication is the degree ol" randomization. From a statistical view* 
point, randomization of entries is required to obtain a valid estimate of experi- 
mental error. To fulfill the requirement, each entry must have an equal chance 
of being assigned to any plot in a replication and an independent randomization 
is required for each replication. 

Plant breeders understand the importance of randomization and consider it 
the ideal procedure for comparison of genotypes . They know that any experiment 
designed to estimate components of variance must be randomized. There arc 
circumstances, however, in which plant breeders do not use complete random* 
izpnon for the comparison of genotypes. Genotypes with similar characteristics 
may be planted next to each other to reduce imrrplot competition in unbordercd 
plots. A nonrandom anranvemrm of genotypes among replications m«y be used 
to facilitate selection of genotypes before harvest. 

Nonrandom Arrangements of Genotypes. Any discussion of nonrandom arrange- 
ments of genotypes can be misinterpreted because it may imply that randomi- 
zation is not an important principle. To avoid such misinterpretation, it .should 
be stated again that nonrandomizalion should only be considered when resources 
are nor adequate to make randomization feasible. The discussion of nonrandom 
arrangements will include the reasons for their use, their disadvantages, and the 
ways procedures can be modified io permit effective randomization. 

Nonrandomization Among Replications. It is common to dela\ replicated rests 
for yield until genotypes have been visually selected in unreplicatcd plots for 
characteristics such as lodging, height, and maturity. To reduce the length of 
time for cultivar development, the season for evaluation in unrepealed" plots 
con be eliminated by growing genotypes in replicated plots, visually selecting 
those with desirable characteristics, and harvesting only the plots of selected 
genotypes for yield evaluation (Garland and Fehr, 1981). When visual selection 
is based on the performance of genotypes in all of the replications, it is necessary 
to evaluate each plot, summarize the data, make the selections, and identify the 
plots of selected genotypes that should be harvested. The length of time between 
plot evaluation and harvest may be only a few days when characteristics of 
interest are not expressed until plant maturity. If several thousand genotypes are 
randomized in two or more replications, summarization of data and identification 
of pbt.s to be liurvesied can be difficult or impossible m accomplish in only a 
few days. The u.sc of the same arrangement of genotypes in each replication 
makes the job practical. 

When genotypes are in the same position within each replication, the data 
for plots of each genotype are recorded in adjacent columns (fig. I9-7J. $um- 
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Figure 19-/ Field S book pages for recording the daia of genotypes srown in 
niree replications. Nonrandom arrangement ol genotypes involves one paec 
whereas a random arrangement involves three separate sections on one or more 
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ti:ion; thorciore. randomization is practical. An incrca.se in land, seed, and other 
resources will be needed for replacement ot unbnrdered plots with bordered ones. 

Etyi-rimvntai Designs fur Rcphcu:c<I Tc sLs. The arrangement of genotypes in 
replicated tests involves primarily the use of either the randomised complete- 
block design or incomplete-block designs. The Latin square is used only in 
special circumstances when the number of entries is small (Cochran and Cox. 
I957i. The honeycomb design can be used lor replicated testing but is considered 
too difficult tu implement for a large number of lines (Fasoulas. 198 1). 

The differences: between the randomized complete-block and incomplete- 
block designs relate to their ability to account for environmental variation within 
a replication. The two types of design dif(tr in restrictions on the si^.c of a 
replication, randomization procedures, analysis of data, and comparisons among 
genotypes. 

The terms complete-block and incomplete- block refer to the arrangement of 
genotypes in an experiment (Fig. A block and a replication arc equivalent 

in a randomized complete-block design A block contains all of the genotypes 
in the Lest and is considered complete. Genotypes arc divided into more than 
one block wirhm each replication of an incompktc-block design. The blocks ate 
considered incomplete because they contain only pan of the genotypes. A number 
of different types of incomplete-block designs are available f Cochran and Co\, 
1957). The most common types used in plant breeding ure referred to as lattices 
In r. lattice design, a replication divided into blocks that collectively contain 
ail the genotypes In a test (Fig. 19-8). 

The incomplete-block designs are intended to provide more control over 
environmental variation within a replication than is possible with the complete- 
block design. The ideal situation for genotype evaluation would be to test each 
genotype in the same plot, thus avoiding any environmental variation caused by 
differences in soil fertility, moisture, and other factors within a lie Id. This is 
not possible, so the next best approach is to adjust the performance of each 
genotype according to the relative productivity of the plot in which ir is evaluated. 
If one plot has better fertility and moisture than the average for ail plots in a 
replication, the performance of a genotype in that plot will be adjusted downward. 
A genotype in a plot with lower productivity than the average will have its 
performance adjusted upward. 

Although individual ploL adjustments are not possible, the lattice designs 
permit the performance nf a genotype to be adjusted upward or downward 
according to the productivity of the blocks m which it wis grown. The random- 
ized complete- block design docs not divide the replication into smaller units and 
is not able to udjust the performance of a genotype for environmental variation 
withm replications. 

The effectiveness ol the lattice design in accounting for environmental vari- 
ation within replications depends on the pattern of variation. Figure 19-9 shows 
tuo replications with variation in soil productivity. The soil productivity in 
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Figure 1 9-8 Lattice design for an experiment with 42 entries and Three rep- 
lications. ( Adapted from Cochran and Cox, 1957.) for a randomized complete - 
block design, there are no block? within a replication and the entries arc assignee 
at random to the 42 plots. 



replication I increases from Jeft to right. The blocks of the lattice design arc 
arranged in a pattern that effectively measure* the variation, AS evidenced 
differences in the mean for each block. The variation in soil productivity ii 
replication 2 does not fit a consistent pattern. Much of the variation occurs withh 
blocks, and the mean performance of the blocks is relatively Similar. The lattio- 
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Rep/icaiior 2 




52 60 54 57 51 59 55 56 



Mean performance of entries in a block 



= soil with high productivity 



soil with average productivity 

- soiJ with low productivfty 

Figure 19-9 The effect of the pattern of variation in soil productivity on the 
effectiveness of the lattice design in accounting for environmental variation 
within a replication. The lattice would be more effective in replication I than 
in replication 2. 




design cannot adjusr for differences in productivity within a block; therefore, it 
would nor be as effective in replication 2 as in replication 1 . 

The effectiveness of the lattice dcsiyn compared with the randomized com- 
plete-block is expressed as relative efficiency, Relative efrieicncv is computed 
as a ratio of mean squares fur experimental error of the two types of design. 



Relative 
efficiency 



. mean square for err or of lattice 

mean square for error of randomized complete- block 



x 100 



The ratio is used to determine the number of replications that would have to be 
used with the randomized complete block to achieve a precision in detecting 
differences among the means of genotypes equal to that with a lattice design* 
A relative efficiency of 150 percent indicates that 50 percent more replication 
would have been needed with a randomized complete-block design than with a 
lattice. 
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The two types of deaiyn differ in the flexibility that is possible in a tesi, The 
randomized complete-block can accommodate any number of senorypes or rep- 
lications. The lattice design requires thai a specified number of genotypes and 
replications be included. For example, no Janice design can be used with 44 
58. or 74 genorypes. There is no restriction in a randomized complete-block for 
the length and width of a replication. For example, a test with 72 entries could 
be planted 8 plots long by 9 plots wide or 6 plots long by 12 plots wide. The 
.shape of replication for a particular number of genotypes in a Janice is not ua 
flexible. A test with "2 entries could be planted 8 plots lone bv 9 plots wide 
not 6 plots Jong by 12 plots wide. 

The randomization of an experiment and statistical analysis of data are more- 
complex for a lattice than for a randomized complete-block. This can be important 
if the work is done by hand, but not if done by computer. Computer programs 
are available that will readily accommodate either type of design. 



EQUIPMENT FOR EFFICIENT EVALUATION OF GENOTYPES 

The efficient evaluation of a large number of genotypes is important for genetic 
improvement. Plant breeders have been actively involved in the development of 
equipment that permits them to evaluate more genotypes with equal or greater 
quality than was previously possible. The equipment ranges from simple hand 
devices to sophisticated computers. 

Each crop has unique characteristics that influence the type or equipment 
used. Even for a certain crop, breeders differ as to the type of equipment they 
consider most desirable. Here only a small sample of available equipment will 
be used to illustrate how large numbers of genotypes are evaluated by plant 
breeders. 



Preparation of Seed for Planting 

The main steps involved in preparing a field experiment include packaging the 
seed and placing it in the proper arrangement for planting. Computers can he 
used to randomize entnes and assign plot numbers. The computer svstem can 
print an adhesive label for each packet of seed to be packaged. The. label contains 
the plot number, the entry number, and other information of value to the breeder. 
The plot and entry information aJSu can be printed on pages used to record data 
in the field. The same, work can be done by hqnd, but would require a large 
amount of labor and would be more subject to humnn error. 

Seed is counted by hand or by electronic counting devices. If the number of 
seed*, for a plot Ls large and precise numbers arc not required, the seeds may be 
measured by volume. 
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Planting 

Rapid planting of plots can be accomplished with engine-driven planters. Mul- 
tiple-row plots may be planted from a single packet when each row does not 
require the exact same number of seeds. The ^eed is passed through a divider 
that >eparates the seed into a fraction lor each row. The divider may be a powered 
spinning device or a gravity system. 

The planter can move through the field without stopping. Seed lor a row is 
placed in a container above a planting cone. When the row is to be planted, the 
container is lifted and the seed drops onto the planting cone. Two types of cones 
are used to distribute seed along the row. For one type, the base turns and carries 
the seed to the outlet. There it is knocked from the base by a stationary plate, 
falling through the outlet to the soil. This type of cone is used for relatively 
small seeds that do not roll easily, such as barley. The second type has tins 
mounted on the center cone. The seed falls onto a stationary base and ts dragged 
by the tins to the outlet. The fins are well suited to relatively large %c"cds, 
particularly those thai have a tendency to ml) easily, such as maize and soybean. 
The length of a plot is a function of the distance traveled by the planter before 
all the seed has left the cone. At a constant ground speed, a cone must turn 
faster for short rows than for long rows. Adjustment of the speed of the cone 
rotation can be accomplished readily by several mechanical systems. 

While the seed for one plot is being planted, the seed for the next plot is 
put in the container above the cone. There are a number of ways to determine 
when the container should be lifted to begin a plot. One way is to mark the 
beginning and end of each pior in the field before planting starts. When the 
planter reaches the beginning of a plot, the operator lifts the containers manually 
or electronically. The advantage of this procedure is that the location of each 
plot can be identified as soon as planting is complete. The second way is to use 
a cable extended across the field that has knobs spaced along it. The spacing 
between knobs is equal to the length of the plot and the alley. For plots that 
have rows .5 m long with a 1 m alley between them, the knohs would be spaced 
6 m apart. As the planter passes by the cable, the knobs signal when the container 
should be lifted manually, or it activates an electronic tripping device. The cable 
is moved after each pass across the field. Use of the cable saves time at planting 
by eliminating the need to mark the start and end of plots manually. 

Weed Control 

Weed control is accomplished by the use of chemicals, cultivation, and hand 
weeding. The chemicals generally arc those applied for weed control in com- 
mercial production of the crop. Cultivation equipment may be especially designed 
for use in research fields or may be the same equipment used commercially. 
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Tnmrnm? oi plots t«, a constant length before harvest is done manually or with 
sp^aHzed cement. Plots of .sm a || grains generally are trimmed to uow 
length early m the season w|, cn the plant* are about 30 cm tall. A rototSfc ™ 
mower ,s passed along the end of each plot to kill the unwanted plants Tte 
rotonllcr may be mounted on a tractor or may be a self-propelled unit "that n 
person Wa . s behind. Plots of soybean can be cut to a constant £Uh Z> " 1 
:;; ri bcf0K « d fi "5s Two mower, are attached to~a P , pc so ^ 

thL.v are separated by a distance equal to the desired plot length, and are driven 
perpendicular to the length of the rows. - 01 



Harvest 



Hi 




JT.c most common type of harvester for the measurement of forage yield in the 
Lntted States ,s a .self-propelled flail chopper. The machine cuts the plams w th 
a rotating n.il thai throw, the cut portion into a collection pent behtd th ^ drj 
I he plant material for a plot may be collected in a plastic container and weighed 
on a stanonarv scale set up in the field. To eliminate the labor reared u„ Z 
containers an electronic scale can be mounted on the machine. The plant material 
is weighed 3 nd then j: is discarded into a wason. 

The harvest of plots for iheir seeds is conducted with three different pro- 
«n\t£ ° i CqUipr, ' Cm ° nL ' « " collect that par, of the plan, 

!" J ' £ WC ' gh " d,rocr, >' " r " <" • stationary machine for 
thrt hmg. The plan, pan may be removed by hand or may be collected with a 
machine, such as a mower with a collection basket mourned behind the sickle 
The harvested sample may be threshed immediately or dried lor a period of time 
heJorc threshing. One popular type of stationary machine is the Vo«el thresher 
I he plants pass vertically through the machine as they are threshed. For a second 
type o stationary thresher, the matenal passes through the threshine cylinder 

Id if ™ 3 *T ! llC ' P ' SCparalL " the Stxd fTOm the P ,a ' 11 debris.' Air is 
used to separate the seed and the plant debris in both tvpes of machine. 

w t PT0C f UT " f ° T han ' tt,in e D, °« * to a self-propelled thresher 

pee,nea,lv designed to, small plots. The piam pan with the seed is eathcrcd 
mro the machine and passes through a threshing cylinder, then the seed and plan, 
debns are separated by sieves and air The seed may be placed into a ba* and 

ZZ J r r y u- We ' ghtfd " njnL ' d,ate, - v and discarded. Seed harvested from'self- 
propelled machines generally is more subject to mixtures than that harvested 
with a stationary thresher. 

of ^V h !1 T °' cquipm , cm i* commercial combine modified lor the harvest 
of small plots. A commercial unit is used only when the amount of seed harvested 
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from a plot is relatively large and is not s;ived for planum*. Modulation* of the 
commercial combine include reduction of the number of rows harvested and the 
addition or equipment fur weighing the seed. 

Data Collection 

Usually a number of characters are measured on each plot, such as height 
standab.lity, and yield. The data may be recorded in a field book, then manually 
entered mto the computer lor statistical analysis. Alternatively, the information 
may be recorded in an electronic data collector and transferred directly to the 
computer Tins saves lime and reduces the possibility of human error Plot and 
entry designations also can be recorded on labels that can be read mto rhe data 
cn[ lector by an electronic scanner. 



Data Analysis 

Computers facilitate the selection of lines by summarizing data in whatever 
manner is benelicial to the breeder. They save an extensive amount of time 
minimize human error, and permit data to be summarized in a short period of 
time. 
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The American Type Culture Collection (ATCC) has received your deoosit of seeds in connection with the filing of an 
application for patent The following infcrmabcn is provided to fulfill Patent Office retirements. 



Name and Address of Depositor; 



Pioneer Hi-Bred International, Inc. 
Attn: Kim M. Hagemann 
7100 NW62 n3 Avenue 
PO BOX 1000 
Johnston. IA 50131-1000 



DOCKETED 



Deposited on Behaff of: 

Date of Receipt of Seeds by the ATCC: 

Scientific Description 



Pioneer Hi-Bred international, Inc. 
M.y 13,2002 ^ 

Oepositor's.Refere ^ 0l Patent Deposit Designation 



Inbred corn (mai^e) seed. Source-FT983AV-15534 FP PH3AV PTA-4346 
The ATCC understands that: 

1. The deposit of these seeds does not grant ATCC a license, eii or implied, to infringe the patent, 

and our release of these seeds to others does not grant them * ner express or implied, to infringe 

the patent. 

2 If these seeds should die or be destroyed during the effective term of the patent, it shall be your 

responsibility to replace them with living seeds of the same type. It is also your responsibility to supply a 
sufficient quantity for distribution for the deposit term. 

Pnor to the issuance of a U.S. Patent, the ATCC agrees in consideration for a one-time service charge, not to distribute 
these seeds or any information relating thereto or to their deposit except 35 instructed by the depositor or relevant 
patent office. After a relevant patent issues, and we are instructed to release the seeds, they will be made available for 
distribution to the public without any restrictions. 

The ATCC agrees to maintain the seeds for a period of 30 years from deposit date or 5 years after the most recent 
request for a sample, whichever is longer. 

We will inform you af requests for the seeds for 30 years from date of deposit. 
The seeds were tested May 21 , 2002 3nd were viable. 

American Type Culture Collection 

Bv yr-.7/ '// \Mtt K ,L.i~, 

Mane Harris. Patent Specialist 
ATCC Patent Depository 

Date: May.29 2G02 
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